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(g) Fluorescent light source. 

@ A fluorescent light source includes multiple 
fluorescent lamp tubes (12,14 etc) driven in 
parallel by a single RF source (30 ;110;170). 
The fluorescent lamp tubes can be twin tube 
fluorescent lamps or straight fluorescent lamps. 
RF electrical energy Is capacitively coupled to 
low pressure discharges within each fluores- 
cent lamp tube. External capacitive coupling 
electrodes (32,36) can be formed at or near the 
ends of each fluorescent lamp tube. Alterna- 
tively, cold cathode electrodes (92,96) can be 
located within the fluorescent lamp tubes. Bal- 
lasting of the fluorescent lamp tubes is provided 
by capacitive coupling between the plasma of 
the low pressure discharge and the electrodes, 
thus eliminating the need for external ballasting 
components. 
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This invention relates to fluorescent light sourc- 
es. More particularly, this invention relates to fluores- 
cent light sources which are driven by an RF source 
without ballasting, thus permitting the fluorescent 
lamps to be operated in parallel. 

Low pressure fluorescent lamps cannot normally 
be operated in parallel electrical paths because the 
breakdown/starting voltage is larger than the operat- 
ing voltage, and the lamps cannot be made such that 
a discharge is initiated in all lamps simultaneously. Af- 
ter one lamp breaks down, the voltage applied to all 
lamps drops significantly and is not large enough to 
break down the other lamps. Even if a discharge 
could be initiated in all lamps, discharge lamps driven 
at low frequencies or with DC cannot be operated in 
parallel without ballasting because low pressure dis- 
charges have a negative voltage/current (V/l) charac- 
teristic. The negative V/l characteristic means that as 
the lamp current increases, the lamp voltage de- 
creases. Thus, when several lamps are connected in 
parallel and all are ignited, one lamp normally oper- 
ates at a higher current and lower discharge voltage 
than the others. This lamp will cause all the other 
lamps to be extinguished. 

Compact fluorescent lamps are considerably 
more efficient than incandescent lamps, but they are 
limited in total lumen output. For example, a compact 
fluorescent lamp about the same size as a 100 watt 
incandescent lamp provides about 900 lumens, which 
is sufficient to replace only a 60 watt incandescent 
lamp. The total amount of light emitted per unit volume 
can be increased considerably by reducing the diam- 
eter of the discharge. With a reduced diameter, the 
electron temperature increases and the maximum 
light emitted per unit volume increases. To achieve a 
higher lumen output from a smaller diameter fluores- 
cent lamp, however, the discharge length must be in- 
creased to keep the discharge volume constant The 
result is a long, small diameter discharge which re- 
quires an intricate pattern of multiple bends to provide 
a compact lamp. Although technically feasible, this 
lamp is impractical and expensive because it is fragile 
and is virtually impossible to mass produce. 

Current compact fluorescent lamps use a twin 
tube or double twin tube architecture. Twin tube flu- 
orescent lamps typically include a pair of straight 
tubes that are interconnected at or near one end to 
form a generally U-shaped tube. These lamps are an 
improvement over a single large diameter tube, but 
even the double twin tube lamp is limited to four tubes 
driven in series. If eight tubes are needed, two double 
twin tubes may employed, but this reguires two bal- 
lasts and is expensive as well as bulky and impracti- 
cal. 

Electrodeless fluorescent light sources utilizing 
inductive coupling have been disclosed in various 
U.S. patents. A closed loop magnetic core transfor- 
mer, contained within a reentrant cavity in the lamp 



envelope, induces a discharge in an electrodeless flu- 
orescent lamp in US-A-4,005,330. The discharge is 
induced by a magnetic core coil within the envelope 
of an electrodeless fluorescent lamp in the light 

5 source disclosed in US-A-4,017,764. In both of the 
above-mentioned patents, the operating frequency is 
limited to about 50 kHz because of the lossy nature 
of magnetic materials at high freguency. An electrode- 
less fluorescent light source utilizing an air core coil 

10 for inductive coupling at a frequency of about 4 MHz 
is disclosed in US-A-4,010,400. However, such a light 
source has a tendency to radiate power at the fre- 
quency of operation and exhibits nonuniform plasma 
excitation. An electrodeless fluorescent light source, 

15 utilizing frequencies in the 100 MHz to 300 GHz 
range, is disclosed in US-A-4, 189,661. High frequen- 
cy power, typically at 91 5 MHz, is coupled to an ultra- 
violet-producing low pressure discharge in a phos- 
phorcoated electrodeless lamp which acts as a ter- 

20 mination within a termination fixture. 

A compact fluorescent light source wherein high 
frequency power is capacitively coupled to a low pres- 
sure discharge is disclosed in US-A-4,266,167. The 
lamp envelope has an outer shape similar to that of 

25 an incandescent lamp. An outer conductor, typically a 
conductive mesh, is disposed on the outer surface of 
the lamp envelope, and an inner conductor is dis- 
posed in a reentrant cavity in the lamp envelope. Fre- 
quencies in the range of 10 MHz to 10 GHz are sug- 

30 gested. An electrodeless discharge tube wherein high 
frequency energy is coupled to a discharge through 
external electrodes is disclosed in US-A-4, 798,997. 
Another electrodeless fluorescent light source which 
is energized by a high frequency power source is dis- 

35 closed in US-A-4,427,923. 

According to the invention there is provided a flu- 
orescent light source comprising a plurality of fluores- 
cent lamp tubes having capacitive coupling electro- 
des at or near t he e nds t hereof for capacitive coupling 

40 of RF electrical energy to a low pressure discharge in 
the respective tubes, starting means for initiating low 
pressure discharges within each of said fluorescent 
lamp tubes, and a single RF source being electrically 
coupled in parallel to said fluorescent lamp tubes. 

45 Viewed from another aspect the present inven- 
tion provides a fluorescent light source comprising a 
plurality of fluorescent lamp assemblies, each includ- 
ing first and second fluorescent lamp tubes having 
capacitive coupling electrodes at or near the ends 

50 thereof for capacitive coupling of RF electrical energy 
to a low pressure discharge therein, each fluorescent 
lamp tube having a driven end and an opposite end, 
and means for electrically coupling the electrodes at 
the opposite ends of the first and second fluorescent 

55 lamp tubes together. The light source further compris- 
es a single RF source having a first output terminal 
electrically connected to the electrodes at the driven 
ends of each of the first fluorescent lamp tubes and 
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having a second output terminal electrically connect- 
ed to the electrodes at the driven ends of each of the 
second fluorescent lamp tubes such that the fluores- 
cent lamp assemblies are driven in parallel by the RF 
source, and starting means for initiating low pressure 5 
discharges within each of the fluorescent lamp tubes. 

In the above-described light source, the RF 
source preferably includes means for applying RF vol- 
tages of equal amplitudes and opposite polarities to 
the electrodes at the driven ends of the fluorescent 10 
lamp tubes, or in the second abovementioned case, 
to the driven ends of the lamp sets. This can be ach- 
ieved in the second case by providing the RF source 
with an output transformer having a grounded center 
tap. In this case, the electrodes opposite the driven 15 
ends of the fluorescent lamp tubes are at virtual 
ground. 

According to a further prefered embodiment of 
the invention, the fluorescent light source comprises 
a plurality of fluorescent lamp tubes, each containing 20 
a fill material for sustaining a low pressure discharge 
and having first and second electrodes at or near the 
ends thereof for capacitive coupling of RF electrical 
energy to a low pressure discharge within the lamp 
tube, a single RF source having a first output terminal 25 
electrically coupled to the first electrode of each flu- 
orescent lamp tube and a second output terminal 
electrically coupled to the second electrode of each 
fluorescent lamp tube so that the fluorescent lamp 
tubes are electrically connected in parallel, and start- 30 
ing means for initiating a low pressure discharge with- 
in each of the fluorescent lamp tu bes. Each of the flu- 
orescent lamp tubes can be a twin tube fluorescent 
lamp having a generally U-shaped configuration such 
that the first and second electrodes of each fluores- 35 
cent lamp tube are located adjacent to each other. 
These are known as twin tube fluorescent lamps. Al- 
ternatively, each of the fluorescent lamp tubes can be 
substantially straight 

Viewed from a further aspect the present inven- 40 
tion provides, a fluorescent light source comprises 
first and second fluorescent lamp tubes having ca- 
pacitive coupling electrodes at or near the ends there- 
of for capacitive coupling of RF electrical energy to a 
low pressure discharge in the respective lamp tube, 45 
each fluorescent lamp tube having a driven end and 
an opposite end, means for electrically coupling the 
electrodes at the opposite ends of the first and sec- 
ond fluorescent lamp tubes together, an RF source 
having a first output terminal electrically coupled to so 
the electrode at the driven end of the first fluorescent 
lamp tube and having a second output terminal elec- 
trically coupled to the electrode at the driven end of 
the second fluorescent lamp tube, and starting 
means for initiating low pressure discharges within 55 
the first and second fluorescent lamp tubes. 

Fluorescent light sources according to prefered 
embodiments of the present invention permit multiple 



fluorescent lamp tubes to be driven in parallel with a 
single RF source, without requiring external ballast- 
ing of each fluorescent lamp tube. The RF source is 
preferably in a frequency range of about 3 MHz to 300 
MHz and is most preferably in a frequency range of 
about 10MHz to 100 MHz. 

The capacitive coupling electrodes can comprise 
conductive layers on the outside surface of each flu- 
orescent lamp tube at or near the ends thereof. In this 
configuration, the fluorescent lamp tubes are electro- 
deless. In an alternative configuration, the electrodes 
can comprise cold cathode electrodes located within 
each fluorescent lamp tube at or near the ends there- 
of. 

The starting means preferably comprises means 
for applying the voltage of the RF source across a di- 
ameter of each of the fluorescent lamp tubes. Starting 
electrodes can be diametrically positioned with re- 
spect to each of the fluorescent lamps and electrically 
connected to the RF source. Preferably, the starting 
electrodes have sufficiently small current capacity to 
avoid interference with operation of the fluorescent 
lamp tube after starting. The breakdown voltage for 
initiating discharge within the fluorescent lamp tubes 
is lower than the operating voltage of the lamps, thus 
ensuring that a discharge is initiated in all of the flu- 
orescent lamp tubes. 

Prefered embodiments of the present invention 
will now be described by way of reference only to the 
accompanying drawings, in which: 

FIG. 1 is a schematic diagram of a fluorescent 
light source according to a prefered embodiment 
of the present invention wherein multiple straight 
fluorescent lamp tubes are driven by a single RF 
source; 

FIG. 2 is an elevation view of a suitable mounting 
arrangement for the fluorescent lamp tubes 
shown in FIG. 1; 

FIG. 3 is an end view of the fluorescent lamp 
tubes of FIG. 2, showing a preferred electrical 
phasing of the lamp tubes; 
FIG. 4 is a partial schematic view of one of the 
pairs of fluorescent lamp tubes in the light source 
of FIG. 1, showing external capacitive coupling 
electrodes and starting electrodes; 
FIG. 5 is a partial schematic view of an alternate 
embodiment of the invention, showing a pair of 
fluorescent lamp tubes having cold cathode elec- 
trodes; 

FIG. 6 is a schematic diagram of a fluorescent 
light source according to a prefered embodiment 
of the present invention wherein multiple twin 
tube fluorescent lamps are driven in parallel from 
a single RF source; 

FIG. 7 are end views of different mounting ar- 
rangements for twin tube fluorescent lamps driv- 
en by an RF source; 

FIG. 8 is a partial schematic view of one of the 
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twin tube fluorescent lamps in the light source of 
FIG. 6, showing a starting device; 
FIG. 9 is a partial schematic view of fluorescent 
light source, showing a twin tube fluorescent 
lamp having cold cathode electrodes and a high 5 
permittivity dielectric material to enhance start- 
ing; and 

FIG. 10 is a schematic diagram of a fluorescent 
light source according to another prefered em- 
bodiment of the invention wherein multiple 10 
straight fluorescent lamp tubes are driven by a 
single RF source. 

A schematic diagram of a fluorescent light source 
according to a prefered embodiment of the present in- 
vention is shown in FIG. 1 . A first fluorescent lamp as- 15 
sembly 10 includes a fluorescent lamp tube 12 and a 
fluorescent lamp tube 14. A second fluorescent lamp 
assembly 16 includes fluorescent lamp tubes 18 and 
20. A third fluorescent lamp assembly 24 includes flu- 
orescent lamp tubes 26 and 28. The fluorescent lamp 20 
assemblies 10, 16 and 24 are electrically connected 
In parallel to the output terminals of a radio frequency 
(RF) source 30 as described below. 

Fluorescent lamp tubes 12 and 14 each contain 
a fill material, such as argon and mercury, for sustain- 25 
ing a low pressure discharge and have phosphor coat- 
ings on their inside surfaces. Lamp tube 12 has elec- 
trodes 32 and 34 at or near the ends thereof for ca- 
pacitive coupling of RF electrical energy from source 
30 to a low pressure discharge within lamp tube 12. 30 
Lamp tube 14 has electrodes and 38 at or near the 
ends thereof for capacitive coupling of RF electrical 
energy to a low pressure discharge in lamp tube 14. 
In the embodiment of FIG. 1, electrodes 32, 34, 36 
and 38 are external to the respective lamp tubes. The 3$ 
low pressure discharges within lamp tubes 12 and 14 
emiting radiation, typically in the ultraviolet, which 
stimulates emission of visible light by the phosphor 
coatings. In a preferred embodiment, the lamp tubes 
12 and 14 are elongated, straight tubes and are 40 
mounted parallel to each other. The fluorescent lamp 
assemblies 16 and 24 typically have the same con- 
struction as fluorescent lamp assembly 10. 

An output terminal 40 of RF source 30 is connect- 
ed to electrode 32 at a driven end of lamp tube 12, and 45 
an output terminal 42 of RF source 30 is connected 
to electrode 36 at a driven end of lamp tube 14. Elec- 
trode 34 at the opposite end of lamp tube 12 and elec- 
trode 38 at the opposite end of lamp tube 14 are elec- 
trically connected together, thus completing the elec- so 
trical path between terminals 40 and 42. The output 
terminals 40 and 42 carry opposite phases of the RF 
output of source 30. As described in more detail be- 
low, the RF source output is preferably balanced with 
respect to ground. Output terminal 40 is connected to 55 
an electrode 44 at a driven end of lamp tube 18 and 
an electrode 46 at a driven end of lamp tube 26. Out- 
put terminal 42 is connected to an electrode 48 at a 



driven end of lamp 20 and an electrode 50 at a driven 
end of lamp tube 28. An electrode 52 at the opposite 
end of lamp tube 18 is electrically connected to an 
electrode 54 at the opposite end of lamp tube 20. Sim- 
ilarly, an electrode 56 at the opposite end of lamp 
tube 26 is electrically connected to an electrode 58 at 
the opposite end of lamp tube 28. These connections 
result in fluorescent lamp assemblies 10, 16 and 24 
being electrically connected in parallel to output ter- 
minals 40 and 42 of RF source 30. The lamp tubes 
that comprise each fluorescent lamp assembly are 
effectively connected in series. Thus, lamp tubes 12 
and 14 are connected in series. 

The fluorescent light source of FIG. 1 further in- 
cludes means (shown in FIG. 4) for initiating a low 
pressure discharge in each of the fluorescent lamp 
assemblies 10, 16 and 24. A suitable starting means 
is described below in connection with FIG. 4. 

In a preferred embodiment, the fluorescent lamp 
assemblies 10, 16 and 24 are driven with RF voltages 
that are balanced with respect to ground. This can be 
accomplished by providing the RF source 30 with an 
output transformer 60 having a secondary winding 62 
with a grounded center tap. In this case, the RF vol- 
tage on output terminal 40 is 180° out of phase with 
respect to the output voltage on terminal 42. The ad- 
vantage of this configuration is that the ends of the 
fluorescent lamp assemblies 10, 16 and 24 opposite 
from the driven ends are at virtual ground and can be 
connected to ground. As shown in FIG. 1 electrodes 
34, 38, 52, 54, 56 and 58 are connected to ground, 
thus eliminating a hazard to safety at one end of each 
fluorescent lamp assembly. The fluorescent lamp as- 
semblies 10, 16 and 24 can be driven with an RF 
source that is not balanced. However, in this case, 
the opposite ends of each fluorescent lamp assembly 
are not at virtual ground. 

The configuration wherein the opposite ends of 
the lamp tubes are at virtual ground is convenient for 
electronic component placement In addition, the vir- 
tual ground provides an ideal place to attach a screen 
to enclose the entire lamp structure to shield the RF 
energy from being emitted into the environment. The 
lamp tubes are spaced fairly closely together, typical- 
ly within 20 mm (0.75 inch) between the axial center 
lines of two adjacent lamp tubes, so that minimal area 
is enclosed by each fluorescent lamp assembly, 
thereby minimizing RF radiation. 

A suitable mounting arrangement for fluorescent 
lamp tubes 12, 1 4, 1 8, 20, 26 and 28 is shown in FIGS. 
2 and 3. Lamp tubes 12, 14, 18, 20, 26 and 28 are 
mounted side-by-side and parallel in a circular ar- 
rangement around a central axis 64. Opposite phases 
of the RF source 30 are applied to adjacent lamp 
tubes at driven end 66. An insulating block 68, such 
as PTFEis used for support of the lamp tubes at driv- 
en end 66. At opposite end 70 of the light source, the 
lamps are electrically connected together and are 
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supported by a virtual ground conductor 72, which 
can be aluminum. 

An enlarged view of one end of lamp tubes 1 2 and 
14 is shown in FIG. 4. Electrodes 32 and 36 can be 
metal layers, or bands, on the outside surfaces of s 
lamp tubes 12 and 14, respectively. Preferably, elec- 
trodes 32 and 36 have a relatively large surface area 
to enhance capacitive coupling to the plasma of the 
low pressure discharges within lamp tubes 12 and 14. 
In this embodiment, no internal electrodes or f iia- 10 
ments are required within lamp tubes 12 and 14. At a 
frequency of 27.12 MHz, external metal layers, or 
bands, having lengths of about 20 mm (0 .75 inch) are 
suitable for capacitive coupling of RF electrical energy 
to the discharge. 15 

A circuit for starting a discharge within lamp tube 
14 is shown in FIG. 4. A starting electrode 80 is posi- 
tioned on lamp tube 14 near electrode 36. A starting 
electrode 82 is positioned on lamp tube 12 near elec- 
trode 32. Starting electrode 80 is connected by a thin 20 
wire 84 to electrode 32, and starting electrode 82 is 
connected by a thin wire 86 to electrode 36. The elec- 
trical connections to starting electrodes 80 and 82 en- 
sure that the full RF voltage of source 30 is applied 
to localized regions of lamp tubes 12 and 14. This 25 
causes intense electric fields within the localized re- 
gions of lamp tubes 1 2 and 14 which are sufficient to 
initiate discharge. The electrodes 80 and 82 have 
small areas, thus ensuring that very tittle current* 
passes through them after initiation of discharge. 30 
Thus, electrodes 80 and 82 do not affect normal op- 
eration of the fluorescent light source. Similar starting 
electrodes are utilized in each fluorescent lamp tube 
of the light source. 

The balanced RF voltage +V and -V is applied to 35 
electrodes 32 and 36. The starting electrodes 80 and 
82 typically apply 220 volts RMS to the lamp tube 14 
to initiate discharge. In practice, this results in all lamp 
tubes breaking down simultaneously. The geometry 
of the starting electrodes 80 and 82 is not critical. Any 40 
configuration which intensifies the electric field suffi- 
ciently to achieve ignition at one point in the lamp tube 
is sufficient. Furthermore, other starting techniques 
known to those skilled in the art, including high vol- 
tage starting pulses, can be utilized. 45 

For discharge initiation, it is important that the 
breakdown voltage applied across the diameter of the 
lamp tube be less than twice the operating voltage of 
any single lamp. With this form of ignition, it is not 
necessary that the lamp tubes have the same or so 
nearly the same breakdown voltage. It is only re- 
quired that the lamp tube breaks down at a voltage 
less than twice the voltage applied to the driven ends 
of the lamp tubes. Thus, a considerable latitude in 
breakdown voltages is tolerable from lamp to lamp. 55 

A fluorescent light source as shown in FIGS. 1-3 
and described above was constructed. Each fluores- 
cent lamp tube was a mercury argon lamp with a 5 



mm inside diameter, a 7 mm outside diameter, and a 
length of about 200 mm (8 inches). The argon pres- 
sure in the lamp tubes was about 666 Pa (5 torr), but 
the argon pressure is not critical. The RF frequency 
was 27.12 MHz, but the RF frequency is also not crit- 
ical. The driving frequency is selected to be high 
enough to capacitively couple sufficient current into 
the lamp without extremely high voltages (and power 
loss in coupling) and low enough that the lamps are 
only a small fraction of a wavelength. About 24 watts 
was delivered to the lamp tubes (about 4 watts per 
lamp tube), and the lumen output was about 1300 lu- 
mens. The lamp voltage applied to the metal band 
electrodes at the ends of the lamp tubes increases 
with discharge power but was about 220 volts RMS 
when the light source was operated at 24 watts. 

An alternative electrode configuration is shown in 
FIG. 5. Acold cathode electrode 90 is mounted within 
lamp tube 12, and a cold cathode electrode 92 is 
mounted within lamp tube 14. Similar cold cathode 
electrodes are mounted at or near the opposite ends 
of lamp tubes 12 and 14. The electrodes 90 and 92 
typically comprise nickel and are selected to provide 
efficient capacitive coupling of RF electrical energy to 
the plasma within lamp tubes 12 and 14. The electro- 
des 90 and 92 have the advantage that capacitive 
coupling through the glass lamp envelope is not re- 
quired. However, a sealed electrical feedthrough to 
each electrode is required. It will be understood that 
emission of electrons by electrodes 90 and 92 is not 
required. 

The fluorescent light source shown in FIGS. 1-3 
and described above utilizes three fluorescent lamp 
assemblies 10, 16 and 24. It will be understood that 
any number of fluorescent lamp assemblies can be 
utilized, provided that the RF source 30 can supply 
sufficient operating power to each of the lamp assem- 
blies. In addition, a single fluorescent lamp assembly 
(such as assembly 10 in FIG. 1) can be operated by 
the RF source 30. In each configuration, RF electrical 
energy is capacitively coupled to a low pressure dis- 
charge within each fluorescent lamp tube. Ballasting 
of the fluorescent lamp tubes is provided by capaci- 
tive coupling between the plasma of the low pressure 
discharge and the electrodes, thus eliminating the 
need for external ballasting components. When inter- 
nal electrodes are used, as illustrated in FIG. 5, bal- 
lasting is provided by the sheaths that form between 
the plasma and the electrode surfaces. 

A fluorescent light source according to another 
prefered embodiment of the invention, wherein a plur- 
ality of twin tube fluorescent lamps are driven in par- 
allel by a single RF source, is illustrated in FIG. 6. Twin 
tube fluorescent lamps 102, 104, 106 and 108 are 
driven by an RF source 110. Each of the twin tube flu- 
orescent lamps contains a fill material, such as argon 
and mercury, for sustaining a low pressure discharge 
and has a phosphor coating on its inside surface. 
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Each of the twin tube fluorescent lamps includes a 
pair of straight tube sections that are interconnected 
at or near one end to form a generally U-shaped tube. 
Each twin tube fluorescent lamp includes capacitive 
coupling electrodes for capacitive coupling of RF 
electrical energy from source 110 to a low pressure 
discharge within the lamp. An output terminal 111 of 
RF source 110 is connected to electrode 112 of lamp 
102, electrode 114 of lamp 104, electrode 116 of lamp 
1 06 and electrode 118 of lamp 1 08. An output terminal 
120 of RF source 110 is connected to electrode 122 
of lamp 102, electrode 124 of lamp 104, electrode 126 
of lamp 106 and electrode 128 of lamp 108. Output 
terminals 111 and 120 of RF source 110 carry oppo- 
site phases of the RF output voltage. Lamps 102, 104, 
106 and 108 are connected in parallel to the output 
terminals 111 and 120 of source 110 without external 
ballasting. 

The electrodes 112, 114, 116, 118, 122, 124, 126 
and 128 can be metal layers, coils, or bands, on the 
outside surfaces of the respective twin tube fluores- 
cent lamps as shown in FIG. 4 and described above. 
Alternatively, the electrodes can be cold cathode 
electrodes mounted within the twin tube fluorescent 
lamps as shown in FIG. 5 and described above. In 
each configuration, RF electrical energy is capacitrve- 
ly coupled to a low pressure discharge within each 
twin tube fluorescent lamp. Ballasting of the f lores- 
cent lamps is provided by capacitive coupling be- 
tween the plasma of the low pressure discharge and 
the electrodes, thus eliminating the need for external 
ballasting components. When internal electrodes are 
used, as illustrated in FIG. 5, ballasting is provided by 
the sheaths that form between the plasma and the 
electrode surfaces. 

Three suitable patterns for configuring twin tube 
fluorescent lamps and the polarities of the voltages 
applied to each lamp are shown in FIGS. 7A-7C. The 
lamps are viewed from their ends in FIGS. 7A-7C. The 
position of each lamp is not critical, but the RF voltage 
applied to the arms of any one lamp must be of op- 
posite phase. In FIG. 7C, a fifth fluorescent lamp 130 
is utilized. It will be understood that the parallel con- 
figuration shown in FIG. 6 can utilize any number of 
twin tube fluorescent lamps, provided that the RF 
source 110 cart supply sufficient operating power to 
each of the fluorescent lamps. 

Atypical operating frequency is 27.12 MHz. Fre- 
quencies in the range of about 3 MHz to 300 MHz are 
preferred. Most preferably, the operating frequency is 
in the range of about 10 MHz to 100 MHz. 

The fluorescent light source shown in FIG. 6 is 
more efficient than the light source shown in FIG. 1 
and described above because there is only one ca- 
pacitive coupling surface for each straight tube sec- 
tion in the twin tube fluorescent lamp. In the light 
source of FIG. 1, each straight lamp tube has a two 
capacitive coupling surfaces. Furthermore, in the 



light source of FIG. 6, the non-driven ends of each 
twin tube fluorescent lamp emit light, whereas in the 
configuration of FIG. 1, the non-driven ends are cov- 
ered by electrodes. In addition, the connection be- 

5 tween the two straight sections of the twin tube lamp 
contributes to the lamp length and emits light as effi- 
ciently as the straight sections. 

A further advantage of the twin tube fluorescent 
lamp configuration of FIG. 6 is the simplification of 

10 starting. In a twin tube lamp, only one arm of each 
tube needs to be broken down to initiate a discharge, 
whereas in the light source of FIG. 1 comprising line- 
ar, parallel-driven lamps, every linear lamp must be 
broken down. A starting device or circuit is used in 

15 each of the twin tube fluorescent lamps. When ioni- 
zation occurs in one arm of the lamp, the whole lamp 
ignites. Thus, a twin tube lamp requires half as many 
starting devices as compared with separate linear 
tubes. A starting electrode positioned on one arm of 

20 the twin tube lamp can be utilized as shown in FIG. 4 
and described above. 

A variation of the starting circuit is shown In FIG. 
8. An enlarged view of one end of twin tube fluores- 
cent lamp 102 is shown. A notch 140 is formed in eleo 

25 trode 122, and a thin wire 142 is attached to the lamp 
envelope in notch 140. The other end of wire 142 is 
connected to electrode 112. When the RF voltage of 
source 110 is applied to electrodes 112 and 122, a 
high field region is created within the lamp adjacent 

30 to notch 140, causing a discharge to be initiated. The 
wire 142, which has a small cross-sectional area and 
carries very little current after initiation of discharge, 
does not affect normal operation of the fluorescent 
light source. 

35 An alternative embodiment of the twin tube fluor- 
escent lamp suitable for use in the fluorescent light 
source of the present invention is shown in FIG. 9. A 
twin tube fluorescent lamp 150 has internally mount- 
ed cold cathode electrodes 152 and 154 at opposite 

40 ends. To enhance starting, a high permittivity dielec- 
tric fill material 156 is located between the arms of 
the twin tube lamp 150. The high permittivity material 
increases the electric field inside the tube in the vol- 
ume between the electrodes sufficiently to initiate 

45 breakdown. The high permittivity material can, for ex- 
ample, be glass having a dielectric constant of about 
5. 

A fluorescent light source according to a further 
embodiment of the present invention, wherein multi- 

50 pie straight f lorescent lamp tubes are driven in paral- 
lel from a single RF source, is shown in FIG. 10. 
Straight fluorescent lamp tubes 160, 162, 164, etc. 
have cold cathode electrodes mounted internally at 
opposite ends. The lamp tubes 160, 162, 164, etc. are 

55 electrically connected in parallel to an RF source 1 70. 
The electrodes 166, 165, etc. capacitively couple RF 
electrical energy to low pressure discharges within 
the fluorescent lamp tubes. Each fluorescent lamp 
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tube contains a fill material, such as argon and mer- 
cury, for sustaining a tow pressure discharge and has 
a phosphor coating on its inside surface. As noted 
previously, the sheath between each electrode and 
the plasma acts as a ballast The frequency of oper- s 
ation is preferably in a range of about 3 MHz to 300 
MHz and is most preferably in a range of about 10 
MHz to 100 MHz. 

In an example of the light source shown in FIG. 
10, 10 miniature fluorescent lamps were operated in 10 
parallel. The lamp tubes were 200 mm (8 inches) long 
and about 7 mm outside diameter. The electrodes 
were nickel. The light source was operated at about 
250 volts peak, 40 watts (4 watts per lamp) at a fre- 
quency of 27 MHz. The light output was about 2000 1 5 
lumens and was generated from a panel of about 22 
mm (7/8 inch) thick. 

The present invention permits multiple, linear or 
twin tube, small diameter fluorescent lamp tubes to be 
operated electrically in parallel using a single RF 20 
source. Long discharge tube lengths can be achieved 
without the complicated geometry required by a ser- 
ies configuration. The result is a geometrically simple 
fluorescent light source which can employ any num- 
ber of parallel lamp tubes. A narrow discharge with a 25 
long discharge length can easily be achieved. Thus, 
a light source with a higher light output per unft vol- 
ume can be attained. The light source is competitive 
with incandescent lamps with respect to light output 
per unit volume. The light source is more efficient and 30 
has a longer life than incandescent lamps. 

A fluorescent light source according to an em- 
bodiment of the present invention may provide an im- 
proved fluorescent light source, wherein multiple flu- 
orescent lamp tubes are electrically connected in par- 35 
allel to a single RF source; which is compact and has 
a high lumen output; is low in cost and which is easy 
to manufacture. 

While there has been described a number of em- 
bodiments of fluorescent light sources, the scope of 40 
the present invention is in no way intended to be lim- 
ited to the fluorescent light sources but also to cover 
methods of operating fluorescent light sources ac- 
cording to the present invention. 



Claims 



45 



1. A fluorescent light source comprising a plurality 
of fluorescent lamp tubes having capacitive cou- so 
piing electrodes at or near the ends thereof for 
capacitive coupling of RF electrical energy to a 
low pressure discharge in the respective tubes, 
starting means for initiating low pressure dis- 
charges within each of said fluorescent lamp 55 
tubes, and a single RF source being electrically 
coupled in parallel to said fluorescent lamp tubes. 



2. A light source as claimed in claim 1 wherein said 
fluorescent lamp tubes have a generally U-shap- 
ed configuration such that the first and second 
electrodes of said fluorescent lamp tube are lo- 
cated adjacent to each other. 

3. A light source as claimed in claim 2 wherein said 
starting means comprises a high permittivity di- 
electric material located between the ends of said 
U-shaped fluorescent lamp tube. 

4. Alight source as claimed in claim 1 , wherein said 
fluorescent lamp tubes are substantially straight 

5. A light source as claimed in any preceding claim 
wherein said electrodes comprise conductive lay- 
ers on the outside surface of each fluorescent 
lamp tube at or near the ends thereof. 

6. A light source as claimed in any preceding claim 
wherein said RF source includes means for ap- 
plying RF voltages of equal amplitudes, and op- 
posite polarities to the electrodes at driven ends 
of said fluorescent lamp tubes. 

7. A light source as claimed in any of claims 1 to 4, 
wherein there are two sets of said fluorescent 
lamp tubes and in said RF source includes means 
for applying RF voltages of equal amplitudes and 
opposite polarities to the electrodes at the driven 
ends of the respective lamp tube sets. 

8. A light source as claimed in either of claims 6 or 
7 wherein the output of said RF source has a 
grounded center tap such that the electrodes at 
the non-driven ends of each of said fluorescent 
lamp tubes are at virtual ground. 

9. A light source as claimed in any preceding claim 
wherein said electrodes comprise conductive lay- 
ers on the outside surface of each fluorescent 
lamp tube at or near the ends thereof. 

10. A light source as claimed in any preceding claim 
wherein said electrodes comprise cold cathode 
electrodes located within said fluorescent lamp 
tube at or near the ends thereof. 

11. A light source as claimed in any preceding claim 
wherein said starting means comprises means 
for applying the voltage of said RF source to a lo- 
calized region of said fluorescent lamp tubes. 

12. Alight source as claimed in any preceding claim 
wherein said starting means comprises a starting 
electrode positioned on said fluorescent lamp 
tubes near one of the capacitive coupling electro- 
des and electrically connected to said RF source. 
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13. A light source as claimed in claim 12 wherein said 
starting electrode has a sufficiently small area to 
avoid interference with the operation of said flu- 
orescent lamp tube after starting . 

5 

14. Alight source as claimed in any preceding claim 
wherein said RF source has a frequency in the 
range of 3 MHz to 300 MHz. 

15. A light source as claimed in any preceding claim 10 
wherein said RF source has a frequency in the 
range of about 10 MHz to 100 MHz. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



8 



EP 0 593 311 A1 * 



i 



O 



CO 



CM 



>1 



<3- 



.1 




9 



EP0 593 311 A1 




EP0 593 311 A1 




11 



EP0 593 311 A1 




12 



EP 0 593 311 A1 



102 



lt2' 




■ ■ ' v > * 



n 



log- 



I 



III 



Q7 114 



//6 
1 24 



R 



i 



_ fit 



-12.2 



\7.o 



«F SOURCE. 



jl* 



fl(r. C 



13 



EP 0 593 311 A1 ( 




EP 0 593 311 A1 / 




150 



I 



^ tic 



) 1o 



Fig .9 



15 



EP 0 593 311 A1 



— C 



-c 



A— £- 




3- 



3— 
^ — 



16 



EP0 593 311 A1 



Kuropcan Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUcatiOD Number 

EP 93 30 8271 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 

to dairo 



CLASSIFICATION OP THE 
ATPI JCATIOIM (IntCLS) 



US-A-5 019 750 (GODYAK) 

* abstract * 

* column 3, line 34 - column 5, line 16; 
figures 1-3 * 

US-A-5 146 140 (PIEJAK ET AL.) 

* abstract * 

* column 2, line 50 - column 3, line 18; 
figure 1 * 

DE-A-35 18 299 (GERLACH) 

* column 1, line 37 - line 57 * 

* column 2, line 16 - line 36; figure 1 * 

WO-A-91 11017 (GTE PRODUCTS CORP.) 

* abstract * 

* page 7, paragraph 3 - page 9, paragraph 
1 * 

* page 12, paragraph 1 - page 13, 
paragraph 2; figures 1-3,5-6 * 

US-A-5 237 241 (HASHIMOTO) 

* abstract * 

* column 2, line 34 - column 3, line 34; 
figure 1 * 



1,4,7,1^ H01J65/04 
H05B41/24 



5,9,15 



The present search report has been drawn up for all 



Place of tearcfc 

THE HAGUE 



5,9 



10,11 



Mb mi cDRftdlu of (he tank 

10 January 1994 



TECHNICAL FIELDS 
SEARCHED (lnt.d.5) 



H01J 

H05B 



Greiser, N 



CATEGORY OK CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



I : theory or principle underlying the invention 
K : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



A : member of the same patent family, corresponding 
document 



17 



EPQ 543311 A1 / 




EPQS03ai1A1 




EPQS93311A1 / 




11 



EPQS03 311A1 




12 



EPQS93 311A1 / 



(01 



f ' \ 



U2' 



P 



(II 



n 



U4 



n 



at 



lot 



1 



n 



13 




14 



EP 0 5*3 311 A1 





IS 



EPQS93311A1 



i 
j 
i 




16 



